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(54) GAS ANALYSIS SYSTEM, LIQUID SEPARATOR, AND GAS ANALYZER

(57) A gas analysis system includes a gas analyzer

which analyzes a gas acquired from a living body and a

liquid separator which is detachably attached to the gas
analyzer, and which separates a liquid component from
the gas. In the gas analysis system, the liquid separator

FIG. 1 %\‘ 34

includes a magnet, and the gas analyzer includes a mag-
netic sensor which detects magnetism generated by the
magnet, and a determining section which, based on the
magnetism detected by the magnetic sensor, determines
that the liquid separator is attached to the gas analyzer.
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Description
BACKGROUND
1. Technical Field

[0001] The presentinvention relates to a gas analyzer
which analyzes a gas acquired from a living body. The
invention further relates to a liquid separator which is to
be detachably attached to such a gas analyzer, and which
separates the liquid component from the gas. The inven-
tion still further relates to a gas analysis system which
includes the gas analyzer and the liquid separator.

2. Background Art

[0002] As an example of a gas analyzer of this type,
an apparatus is known which acquires a respiratory gas
from a patient under surgery, and which measures the
concentration of anesthesia gas contained in the respi-
ratory gas.

[0003] In orderto prevent water vapor contained in the
respiratory gas from being condensed and entering the
interior of the gas analyzer, a liquid separator which is
also called a water trap is attached to the gas analyzer.
The liquid separator includes a hydrophobic filter. The
water content contained in the respiratory gas of the pa-
tient is captured by the filter, and blocked from entering
the gas analyzer. Such a liquid separator is disclosed,
for example, in US 6,896,713.

[0004] The liquid separator and gas analysis instru-
ment which are disclosed in US 6,896,713 include elec-
tric contacts, respectively. When the electric contacts are
contacted with each other, it is detected that the liquid
separator is attached to the gas analysis instrument. In
the configuration depending on an electrical contact, an
error in detection of the attachment state may be possibly
caused by a contact failure.

[0005] It is an object of the invention to improve the
accuracy of detection of an attachment state of a liquid
separator with respect to a gas analyzer.

SUMMARY OF THE INVENTION
[0006]

(1) According to an aspect of the invention, a gas
analysis system includes a gas analyzer which an-
alyzes a gas acquired from a living body and a liquid
separator which is detachably attached to the gas
analyzer, and which separates a liquid component
from the gas. In the gas analysis system, the liquid
separator includes a magnet, and the gas analyzer
includes a magnetic sensor which detects magnet-
ism generated by the magnet, and a determining
section which, based on the magnetism detected by
the magnetic sensor, determines that the liquid sep-
arator is attached to the gas analyzer.
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According to the configuration (1), the attachment
state of the liquid separator with respect to the gas
analyzer can be detected in a non-contact manner.
Unlike the technique which depends on an electrical
contact, therefore, there is no possibility that an error
in detection of the attachment state is caused by a
contact failure. Consequently, the accuracy of de-
tection of the attachment state of the liquid separator
with respect to the gas analyzer can be improved.
(2) According to another aspect of the invention, a
liquid separator is to be detachably attached to a gas
analyzer that analyzes a gas acquired from a living
body, and separates a liquid component from the
gas. Further, the liquid separator includes a magnet
which generates magnetism that is to be detected
by a magnetic sensor provided in the gas analyzer.
(3) According to another aspect of the invention, a
gas analyzer to which a liquid separator separating
a liquid component from a gas acquired from a living
body is detachably attached includes a magnetic
sensor and a determining section. The magnetic
sensor detects magnetism generated by a magnet
provided in the liquid separator, and the determining
section determines that the liquid separator is at-
tached to the gas analyzer based on the magnetism
detected by the magnetic sensor.

BRIEF DESCRIPTION OF DRAWINGS
[0007]

Fig. 1 is a diagram showing the functional configu-
ration of a gas analysis system of an embodiment.
Fig. 2 is a diagram illustrating the operation of the
gas analysis system.

DETAILED DESCRIPTION OF EMBODIMENTS

[0008] Hereinafter, an embodiment will be described
in detail with reference to the accompanying drawings.
Fig. 1 shows the functional configuration of a gas analysis
system of the embodiment. The gas analysis system 1
includes a gas analyzer 2 and a liquid separator 3.
[0009] The gas analyzer 2 includes an analyzing sec-
tion 21 and an interface 22. The liquid separator 3 is
configured so as to be attachable to and detachable from
the interface 22 of the gas analyzer 2. The liquid sepa-
rator 3 is configured so as to separate a liquid component
from a gas acquired from a living body.

[0010] The liquid separator 3 includes an introduction
port 31. A sampling tube 4 for guiding a respiratory gas
(an example of the gas) of a patient (an example of the
living body) is detachably connected to the introduction
port 31.

[0011] The liquid separator 3 includes a reservoir 32,
a hydrophobic filter 33, and a gas passage 34. The in-
troduction port 31 is opened in the the reservoir 32. The
hydrophobic filter 33 separates the reservoir 32 and the
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gas passage 34 from each other.

[0012] The liquid separator 3 includes a discharge port
35. The discharge port 35 communicates with the gas
passage 34. The discharge port 35 is configured so as
to be connectable to the interface 22 of the gas analyzer
2.

[0013] The gas analyzer 2 includes a gas flow path 23.
The analyzing section 21 and the interface 22 commu-
nicate with each other via the gas flow path 23. When
the discharge port 35 of the liquid separator 3 is connect-
ed to the interface 22, a flow path extending from the
sampling tube 4 which is connected to the patient, to the
analyzing section 21 through the liquid separator 3 is
formed.

[0014] Thegasanalyzer2includes apump and suction
interface which are not shown. The pump and the suction
interface communicate with each other. On the other
hand, the liquid separator 3 includes a suction port which
is not shown. The suction port and the gas passage 34
communicate with each other. When the liquid separator
3 is attached to the gas analyzer 2, the suction port is
connected to the suction interface. As a result, a gas flow
path extending from the gas passage 34 to the pump is
formed.

[0015] When the pump operates, a gas flow extending
from the introduction port 31 to the discharge port 35
through the reservoir 32 and the gas passage 34 is pro-
duced. The water content (an example of the liquid com-
ponent) contained in the respiratory gas of the patient
which is introduced into the liquid separator 3 through
the introduction port 31 is blocked from passage by the
hydrophobic filter 33, and accumulated in the reservoir
32.

[0016] The respiratory gas of the patient from which
the water content is removed is sucked into the gas an-
alyzer 2 from the discharge port 35 connected to the in-
terface 22. The respiratory gas passes through the gas
flow path 23 to reach the analyzing section 21. The an-
alyzing section 21 is configured so as to analyze concen-
trations of carbon dioxide, oxygen, nitrous oxide , a vol-
atile anesthetic agent, and the like which are contained
in the respiratory gas.

[0017] The liquid separator 3 includes a magnet 36.
The gas analyzer 2 includes a magnetic sensor 24 and
adetermining section 25. The magnetic sensor 24 is con-
figured so as to detect magnetism generated by the mag-
net 36. The determining section 25 is configured so as
to determine that the liquid separator 3 is attached to the
gas analyzer 2, based on the magnetism detected by the
magnetic sensor 24.

[0018] When the liquid separator 3 is attached to the
gas analyzer 2, the magnet 36 approaches the magnetic
sensor 24. This causes the magnitude of the magnetism
detected by the magnetic sensor 24, to be increased. For
example, the determining section 25 can be configured
so as to, in the case where the magnitude of the mag-
netism detected by the magnetic sensor 24 exceeds a
threshold, determine that the liquid separator 3 is at-
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tached to the gas analyzer 2.

[0019] The analyzing section 21 can be configured so
as to perform a predetermined analysis, only in the case
where the determining section 25 determines that the
liquid separator 3 is attached to the gas analyzer.
[0020] According to the configuration, the attachment
state of the liquid separator 3 with respect to the gas
analyzer 2 can be detected in a non-contact manner.
Unlike the technique which depends on an electrical con-
tact, there is no possibility that an error in detection of
the attachment state is caused by a contact failure. Con-
sequently, the accuracy of detection of the attachment
state of the liquid separator 3 with respect to the gas
analyzer 2 can be improved.

[0021] The gas analysis system 1 of the embodiment
can be configured so that, as shown in Fig. 2, plural types
of liquid separators can be attached to the gas analyzer
2. For example, a liquid separator 3A for an adult, and a
liquid separator 3B for a neonate can be attached to the
gas analyzer 2.

[0022] The liquid separator 3A includes a magnet 36A.
The magnet 36A is disposed in the liquid separator 3A
so that, for example, the N pole of the magnet 36A is
directed toward the magnetic sensor 24 when the liquid
separator 3A is attached to the gas analyzer 2. The liquid
separator 3B includes a magnet 36B. The magnet 36B
is disposed in the liquid separator 3B so that, forexample,
the S pole of the magnet 36B is directed toward the mag-
netic sensor when the liquid separator 3B is attached to
the gas analyzer 2.

[0023] In this case, the magnetic sensor 24 of the gas
analyzer 2 is configured so as to detect the polarity which
is exhibited by a magnet. The determining section 25 of
the gas analyzer 2 is configured so as to determine the
type of the attached liquid separator based on the magnet
polarity detected by the magnetic sensor 24. In the ex-
ample, when the magnetic sensor 24 detects the N pole,
the determining section 25 determines that the liquid sep-
arator 3A for an adult is attached. When the magnetic
sensor 24 detects the S pole, the determining section 25
determines that the liquid separator 3B for a neonate is
attached. In other words, the polarity of each of the mag-
nets 36A and 36B indicates the type of the liquid sepa-
rator to which the magnet itself is attached.

[0024] In a system in which the attachment state of a
liquid separatoris detected by means of an electrical con-
tact, in the case where also the type of the liquid separator
isto be detected, atleast one electric contact for detecting
the type is necessary in addition to an electric contact for
detecting the attachment state. In the configuration of the
embodiment, by contrast, both the attachment state of
the liquid separator 3 with respect to the gas analyzer 2,
and the type of the liquid separator can be detected sim-
ply by disposing one magnet and one magnetic sensor.
The number of components related to the detection is
reduced, and therefore the possibility of occurrence of a
failure or the like in the detection function can be lowered.
[0025] Inthe case where it is necessary to detect only



5 EP 3 257 440 A1 6

the polarity of the magnet, an inexpensive Hall element
can be used as the magnetic sensor 24. Therefore, the
cost can be reduced in both the gas analyzer 2 and the
liquid separator 3, with the result that the cost of con-
structing the gas analysis system 1 can be suppressed.
[0026] As shown in Fig. 1, the gas analyzer 2 can in-
clude a pressure sensor 26 and a checking section 27.
The pressure sensor 26 is configured so as to detect the
pressure of the gas flow path 23. The checking section
27 is configured so as to check whether the liquid sepa-
rator 3 is correctly attached or not, based on a change
of the pressure detected by the pressure sensor 26.
[0027] In the case where the discharge port 35 of the
liquid separator 3 is not correctly connected to the inter-
face 22 of the gas analyzer 2, even when the pump op-
erates, for example, the pressure of the gas flow path 23
does not show a predetermined change. The checking
section 27 is configured so as to, in the case where such
a situation occurs, detect an abnormality in the attach-
ment of the liquid separator 3.

[0028] According to the configuration, while a non-con-
tact detection system is employed, it is possible to detect
more surely that the liquid separator 3 is correctly at-
tached to the gas analyzer 2. That is, the accuracy of
detection of the attachment state of the liquid separator
3 with respect to the gas analyzer 2 can be further im-
proved.

[0029] For example, the analyzing section 21 may be
configured so as to, only when the determining section
25 determines that the liquid separator 3 is attached, and
the checking section 27 confirms the correct attachment
of the liquid separator 3, perform a predetermined anal-
ysis. In the case where an abnormality in the attachment
of the liquid separator 3 is detected, at least one of visual
notification, auditory notification, and notification by com-
munication to an external apparatus (such as a patient
monitor) may be performed.

[0030] Theabove-described embodimentisamere ex-
ample for facilitating understanding of the invention. The
configuration of the embodiment may be adequately
changed or improved without departing the spirit of the
invention. It is obvious that equivalents are included with-
in the technical scope of the invention.

[0031] Inthe embodiment, the type of the liquid sepa-
rator 3, i.e. the type for an adult, or that for a neonate is
indicated depending on the polarity of the magnet 36 pro-
vided in the liquid separator 3. However, the type of the
liquid separator 3 which is indicated by the polarity of the
magnet 36 is adequately determined in accordance with
the specification of the liquid separator 3 that is used in
the gas analysis system 1.

[0032] Inthe embodiment, the type of the liquid sepa-
rator 3 which is indicated by the magnet 36 provided in
the liquid separator 3 is classified into two categories
respectively corresponding to the possible polarities of
the magnet 36. If the magnetic sensor 24 can be config-
ured so as to distinguish magnitudes of the magnetic
force in addition to or in place of the polarities, however,
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the type of the liquid separator 3 may be classified into
three or more categories. Also in this case, both the at-
tachment state of the liquid separator 3 with respect to
the gas analyzer 2, and the type of the liquid separator
can be detected simply by disposing one magnet and
one magnetic sensor.

[0033] Inthe embodiment, the water content contained
in the respiratory gas of the patient is separated by the
liquid separator 3. As far as the liquid component to be
separated can be separated by the hydrophobic filter 33
of the liquid separator 3, the gas to be acquired is not
limited to the respiratory gas, and the liquid component
to be separated is not limited to the water content.
[0034] Althoughthe embodimentis applied to the anal-
ysis in which a gas acquired from the human body is
analyzed by the analyzing section 21, the invention may
be applied also to an analysis in which a gas acquired
from the body of an animal other than a human is ana-
lyzed by the analyzing section 21.

Claims
1. A gas analysis system comprising:

a gas analyzer which analyzes a gas acquired
from a living body; and

a liquid separator which is detachably attached
tothe gas analyzer, and which separates a liquid
component from the gas, wherein

the liquid separator includes a magnet, and
the gas analyzer includes:

a magnetic sensor which detects magnet-
ism generated by the magnet; and

a determining section which, based on the
magnetism detected by the magnetic sen-
sor, determines that the liquid separator is
attached to the gas analyzer.

2. The gas analysis system according to claim 1,
wherein
the magnet is configured to indicates a type of the
liquid separator, and
the determining section determines the type based
on the magnetism detected by the magnetic sensor.

3. The gas analysis system according to claim 2,
wherein
the magnetic sensor includes a Hall element which
detects a polarity of the magnet.

4. The gas analysis system according to claim 2 or 3,
wherein
the type includes a type for an adult and a type for
a neonate.

5. The gas analysis system according to any one of
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claims 1 to 4, wherein
the gas analyzer further includes:

a pressure sensor that detects a pressure of a
flow path through which the gas flows; and

a checking section that checks whether the lig-
uid separator is correctly attached or not, based
on a change of the pressure detected by the
pressure sensor.

A liquid separator which is to be detachably attached
to a gas analyzer that analyzes a gas acquired from
a living body, and which separates a liquid compo-
nent from the gas, wherein

the liquid separator includes a magnet which gener-
ates magnetism that is to be detected by a magnetic
sensor provided in the gas analyzer.

The liquid separator according to claim 6, wherein
the magnetism is set to indicate a type of the liquid
separator itself.

The liquid separator according to claim 7, wherein
a polarity of the magnet is set to indicate the type.

The liquid separator according to claim 7 or 8, where-
in

the type includes a type for an adult and a type for
a neonate.

A gas analyzer to which a liquid separator is to be
detachably attached, the liquid separator separating
a liquid component from a gas acquired from a living
body, wherein

the gas analyzer includes:

a magnetic sensor which detects magnetism
generated by a magnet provided in the liquid
separator; and

a determining section which, based on the mag-
netism detected by the magnetic sensor, deter-
mines that the liquid separator is attached to the
gas analyzer.

The gas analyzer according to claim 10, wherein
the determining section determines a type of the lig-
uid separator based on the magnetism detected by
the magnetic sensor.

The gas analyzer according to claim 11, wherein
the magnetic sensor is a Hall element which detects
a polarity that is exhibited by the magnet.

The gas analyzer according to claim 11 or 12, where-
in

the type includes a type for an adult and a type for
a neonate.

10

15

20

25

30

35

40

45

50

55

14. The gas analyzer according to any one of claims 10

to 13, wherein
the gas analyzer further includes:

a pressure sensor that detects a pressure of a
gas flow path through which the gas flows; and
a checking section that checks whether the lig-
uid separator is correctly attached or not, based
on a change of the pressure detected by the
pressure sensor.
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